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ABSTRACT

- Postlarval, early, and late juvenile stages of two species of penaeid shrimp, Penaeus
aztecus Ives and P. setiferus (L.), were tested for susceptibility to a nuclear polyhedrosis
virus from Autographa californica (Speyer). Shrimp were exposed to the virus by
intramuscular inoculation of polyhedral protein-free virus and by feeding a diet con-
taining virus polyhedra. Mortality attributable to viral infection did not occur during
the 30-day test period, nor was there histological evidence of viral activity in shrimp
hepatopancreas, gut, gill, striated muscle, ventral nerve, and segment nerve ganglia, or

hypodermis.

Agricultural crops for several years have been
sprayed or otherwise treated with chemical insecti-
cides to reduce or eliminate insect pests, Chemical

‘insecticides like DDT and other chlorinated hydro-

carbons and organophosphates have been used rou-
tinely for this purpose. Because of the nonspecificity
of these chemicals, the wide range of sensitive spe-
cies, including desirable species, and the accumula-
tion of some of these compounds in ecosystems,
other more specific methods of controlling insect
pests are preferred. Many methods of bioclogical
pest control such as introduction of predator species
have been attempted. Knowledge in the area of bio-
logical control has continued to advance and control
of some pest species by use of specific disease orga-
nisms may now be possible.

The USDA is involved in development of a bio-
logical control agent, a virus, which will infect and
kill larvae of insect species representing 5 families
of the Lepidoptera. Successful control of one of

‘these species, the cabbage looper, Trichoplusia ni

(Hiibner), has been accomplished experimentaily
by spraying looper-infested cabbage crops with an
insect nuclear polyhedrosis virus (NPV) (Jaques
1970, Splittstoessor and McEwen 1971).

Another experiment with the alfalfa looper nu-
clear polyhedrosis virus is planned for the Rio
Grande Valley of Texas. Under certain conditions
nuclear polyhedrosis viruses are stable, some retain-
ing their infectivity for as long as 20 years (Bergold
1963). The virus may remain in the soil for long
periods. Runoff could carry virus from treated agri-
cultural areas into streams and eventually into estu-
aries of the Texas coast. In these areas postlarval

‘shrimp develop through juvenile and subadult stages

before returning to the Guif of Mexico to complete
their life cycle.

The objective of this study was to determine if
penaeid shrimp, particularly the postlarval and early

juvenile stages, can be infected by an insect NPV,
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and to determine the effect the virus has upon
penaeid shrimp. |

Materials Ellld; Methods

Virus

A sample of NPV of the alfalfa looper, Auio-
grapha californica (Speyer), was obtained from the
Insect Pathology Laboratory USDA, Beltsville, Md.
The virus was of known virulence for larvae of the
alfalfa looper, with 1 insect lethal dosage being
equal to 7 or 8 polyhedra/microliter of food. Two
preparations of virus were made for infectivity
studies.

The 1st preparation (stock solution A) consisted
of a suspension of 5.2XX10° polyhedra/ml of distilled
water, The 2nd preparation (stock solution B) was
a 3-ml suspension of virus rods, without polyhedral
protein, prepared from 10 ml of stock solution A.
The extraction and removal of polyhedral protein
were accomplished by dissolution of polyhedral pro-
tein with a solution of 20 ml of 0.05 M sodium
carbonate and 0.05 M sodium chloride. After a 30-
min dissolution period, the total volume was in-
creased to 160 ml by addition of distilled water.
The resulting 160-ml! suspension was centrifuged at
5000 rpm (Sorvall SS-4, 88-34 rotor)* for 15 min.
The supernatant was decanted into a 2nd tube and
centrifuged a 2nd time at S000 rpm for 15 min.
Pellets from the 1st and 2nd tubes were discarded.
‘The supernatant from the 2nd tube was decanted
into COQ.-free distilled water, then the resulting
suspension of virus was centrifuged at 10,000 rpm
for 1 h. The resulting pellet of virus rods was

resuspended in COo-free distilled water and centri-

fuged again for 1 h at 10,000 rpm. The pelleted
virus rods were resuspended in 3 ml distilled water.
The approximate concentration of this solution
(stock solution B) was 2.342x 10" virus rods/ml.
This stock solution was diluted 1:100 in sterile saline
prior to being tested on shrimp.

Experimental Animals
White shrimp, Penaeus setiferus (L.), juveniles

*Use of trade names does not imply endorsement of com-
mercial products. |
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were obtained by frawl from West Bay near Galves-
ton, Texas. Postlarval brown shrimp, P. azfecus Ives,
were from artificially propagated stock at the Gal-
veston Laboratory. Wild postlarval white shrimp and
brown shrimp juveniles were not available in sufh-
cient numbers to be tested at the time of these ex-
periments (November—December 1971). The small
juvenile white shrimp averaged 35.8 mm total length
(measured from tip of rostrum to tip of telson) and
0.32 g weight, the larger juvenile white shrimp aver-
aged 75.1 mm total length and 2.76 g weight, and
the postlarval brown shrimp averaged 7 mm total
length and 1.1 mg weight.

Postlarval brown shrimp were held in 4-liter glass
jars containing 3 liters of Instant QOcean® artificial
scawater at a rate of 10 shrimp/jar. The small
javenile white shrimp were held individually in 4-
liter glass jars containing 3 liters of Instant Ocean,
while the larger juvenile shrimp were held in 330-
liter glass aquaria containing approximately 200 liters
of Instant Ocean. Water In the glass jars was
changed every 5 days during the 30-day experi-
mental period but was not changed in the larger glass

aquaria. Temperature and salinity were held con-

stant in the jars and in the aquaria during the experi-
mental period.

Methods of Inoculation

Test shrimp were inoculated with the virus by 2
routes: by intramuscular inoculation and by feeding
of virus material. In the 1st method of inoculation
with the virus, 50 white shrimp juveniles were given
a 0.02-ml intramuscular injection of a virus suspen-
sion (solution B} containing 2.34 < 10™ viras rods/ml
or about 4.7x10" virus rods/shrimp. - The injection
was administered into the muscle between the 1st and

2nd abdominal segments using a sterile 1-ml tuber-

culin syringe with a 27-gauge needle, Shrimp ex-
posed by this method were held in glass jars with
Instant Ocean at 25°C and 20%. salinity for 30 days.
Fifty control shrimp received 0.02 ml of sterile
saline without virus, but otherwise they were treated
the same as those receiving virus. Control and test
shrimp were fed boiled shrimp pieces daily. Tissue
samples from shrimp inoculated with virus and con-
trol shrimp were taken for histological examination
5, 10, 20, and 30 days postinoculation. Tissue sam-
ples for electron microscopy were taken 30 days
postinoculation. The experiment was terminated
after 30 days.

The 2nd method of exposing shrimp to the virus
was by mixing of viral polyhedra (solution A)
with an artificial diet and feeding this diet to 100
postlarval, 35 small juvenile, and 15 large juvenile
shrimp for 10 consecutive days. The food mixture
consisted of ground whole shrimp, supplemental vita-
mins, and 2% gelatin by weight. Three diets were
prepared: a control diet containing no virus, a 2nd
containing 800 viral polyhedra/ul of food, and a 3rd
containing 8000 viral polyhedra/ul of food. Mixing
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of virus into these diets was accomplished with a
blender. All 3 diets were stored in a freezer until
used to minimize bacterial growth, |

Shrimp were fed daily at approximately 10% of
their body weight. Generally, the shrimp ate all the
food presented each day. Postlarval brown shrimp
were fed the diet containing 800 polyhedra/pl of
food, while the small juvenile and large juvenile
white shrimp received the diet containing 8000 poly-
hedra/ul of food. Therefore, each experimental post-
larval, small juvenile, and large juvenile shrimp re-
ceived a total of approximately 8.8 10% 2.5 10°% and
2.2X10° polyhedra, respectively, during the 10-day
feeding period. Control shrimp received the same
diet during the 10-day period, but without wirus.
After the 10-day virus-feeding period, remaining
test and control shrimp were fed boiled shrimp
pieces for the remainder of the 30-day experimental
period. All animals were held in Instant Ocean at
20°C and 20% salinity. As with the injection ex-
periment, tissue samples for histological examination
were taken from test and control groups on Days
5, 10, 20, and 30 of the experiment. Samples for
electron microscopy were taken at the termination.
of the experiment (Day 30).

Virus-contaminated water was disinfected with
chlorine at 1:2000 for at least 48 h prior to being
discarded. Contaminated dip nets and other equip-
ment were disinfected in a 1:200 solution of jodine
in water.

Microscopy

Tissue samples for light microscopic examination
were preserved in 10% phosphate-bufiered formalin,
decalcified by the formic acid method of Evans and
Krajian (Krajian 1940), and embedded in parafiin.
Tissue sections 8—10 u in thickness were prepared,
mounted on glass slides, and stained with hematoxylin
and eosin.

Tissues for electron microscopy were given pri-
mary fixation in 5% phosphate-buliered glutaral-
dehyde (Sabatini et al. 1963) for 12 h at 4°C. After
fixation, tissues were rinsed and sfored in 0.15 M

- phosphate buffer (Millonig 1962) at 4°C until bzging

mailed to the Insect Pathology Laboratory, for elec-
tron miscroscopic examination. At the Insect Pathol-
ogy Laboratory, tissues were rinsed in 0.2 M phos-
phate buffer, postfixed in 1% osmium tetroxide in
0.2 M phosphate buffer, dehydrated in an ethanol
series, and embedded in Spurr low-viscosity embed-
ding medium (Spurr 1969). Sections were prepared
with an LKB Ultratome III, double stained with
uranyl acetate and lead citrate, and examined m a
Hitachi-HU-11 electron microscope. |

| Results
Bioassay of Infectivity
Shrimp mortality attributable to viral infection by
the NPV of A. californica did not occur in experi-
ments 1n which the virus was fed or in experiments

in which the virus was injected. In both experiments
mortality in experimental and control groups was
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Table 1. — Accumulated mortalities in experimental ard control groups of brown and white shrimp.
No. dead after (accumulated mortality):
No.
Shrimp tested -1 day 5 days 10 days 15 days 20 days 30 days Yo
Brown postlarvae:
Fed virus 100 - 7 11 —- 12 29 29.0
Control 100 — 15 29 — 35 46 46.0
White juveniles: |
Fed virus 35 0 1 1 1 1 1 2.9
Control 35 0 3 3 4 4 5 14.3
‘Virus injected 50 3 5 3 5 3 5 10.0
Saline control 50 3 7 3 3 8 8 16.0
White subadults:
Fed virus 15 0 0 0 0 | 3 20.0
Control 15 0 -0 0 1 1 2 13.3

comparable (Table 1), indicating that the mortalitics
which did occur were due to factors other than the
VII'US.

Microscopy

Tissues from experimental groups were examined
tor nuclear polyhedral bodies and were compared
with the same tissues taken from control groups.

From the experiment in which the virus was injected,

11 experimental and 11 control animals were ex-
amined histologically. The tissues or organs which
received the most careful examination for polyhedra
or other signs of viral activity were the hepatopan-
creas, gut, thoracic and abdominal striated muscle,
ventral nerve and segment ganglia, gills, and hypo-
dermis. QOther tissues and organs such as heart, eye
stalk, and gonads were frequently examined coin-
cidentally with examination of the organs and tissues
of primary interest. Nuclear polyhedra were not
observed in the experimental group, nor were there
apparent differences between the histological appear-
ance of the organs and tissues of experimental and
control groups. .

From the experiments in which the virus was fed
to experimental animals, 15 postlarval brown shrimp,
11 small juvenile, and 4 large juvenile white shrimp
from the experimental groups were examined histo-
logically for signs of viral infection. Fifteen post-
larval brown shrimp, 11 juvenile, and 4 large juvenile
white shrimp from the control groups in the feed
experiments were examined histologically and com-
pared with experimental groups. No signs of viral
activity, polyhedra, or apparent histological differ-
ences were observed between experimental and con-
trol groups.

More than 30 samples of tissue were examined by
electron microscopy. Tissues from the hepatopan-
creas, striated muscle, gills, and midgut of 11 shrimp
(2 large juvenile white shrimp, 6 small juvenile white
shrimp, and 3 postlarval brown shrimp) exposed to
virus by injection or by feeding were examined for
virus activity or presence of polyhedra. Comparable

tissues from normal control shrimp not exposed to
virus also were examined. No signs of virus activity
or polyhedra were found in tissues of either experi-
mental or control shrimp. '

Conclusions

The nuclear polyhedrosis virus from A. californica
appeared to be nontoxic and nonpathogenic for post-
larval brown shrimp, P. azfecus, and juvenile white
shrimp, P. setiferus. There were no significant differ-
ences in mortality between experimental groups in-
jected with virus or fed virus and control groups.
Furthermore, virus and virus polyhedra could not
be demonstrated by light or electron microscopy in
tissues taken from shrimp exposed to virus by injec-
tion or feeding.
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